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(54) Screening method far apoptosis and necrosis 



(57) The present invention relates to a melfiod for 
the detemdination of non-, anii-, or pro-apoptoUc and 
necrotic oondmons of cell&, newly designed vectorB cod- 
ing for marker proteins, cen lines transfecled with such 
vector, and a method to assay the non-, pro- or anti- 
apoptotic or necrotic adlvily of test oonpounds. 



ngura 3: 




00 

<o 

00 
CM 



Q. 
lU 



PrlnMdbyXM«(U}Q BuahmSwvlon 

2.1B.7A8 



BEST AVAILABLE COPY 



1 



EP092Bg68A1 



Dascripllon 

Held of the Invention 

[0001] Hie present Invenfion relates tb a method for 5 
the determinalion of non-, ant- or pro^apoptotlc and 
necrotic conditbns of cells, using newly des^ned vec- 
tors codine for marker proteins, ceO fines transfected 
with such vector, and a method Id assay the non-, pro- 
or anU-apoptotic or necrotiG activity of test campounds io 
or physical etimuli. 

Background of the Invention 

[0002] Apoptosie plays an essential role in develop- 75 
ment, i.e. embryogenesis and normal ceil turnover, but 
also in diseases such as ranoer. AIDS, neurodegenera- 
tion and viral infectione. Unlike necroas, apoplosis is an 
active. gene^JIrected self-destruclion process of the cell 
and is a6^)dated with characteristic morptioiogical and so 
Istochemteai changes • ^. Nudear and cytopl asm ic con- 
densation and fragmantalion of the dying oell Into mem- 
brane-lmund apoptotic bodies are typical 
characterisliGS of apoptosis. Another feature of apop- 
totic cefl death is the chromoeomai DMA degradation 2? 
Into ollgonucleosannal fragments after Ihe acllvBtion of 
specific nucleases ^' ^. 

[00091 Apoptosis can be induced by the interactkm of 
the ceil surface molecule Fas (CD95) with Fae-Ugand 
(PiasL). where the Fas expresting and sensitive cells 30 
undergo apoptosis. Fas Is a typs I memlmne protein, 
which belongs to the tumor necrosis factor CTNF) and 
nerve growth Iteior (NQI=) receptor famfly Fas 
expression is found on a wide variety of tissues and 
cells such as thymus, liver, lung, ovary, heart and mye- ss 
loid cells FasL expressian is not only Ibund on lym- 
phocytes but also on a wide variety of tissues and »me 
tumors Both membrane Ixiund FasL and the solu- 
ble form (sFasL^ can induce apoplosis in Re positive 
and sensitive ceUe. Other ionns among a variety of 40 
apoptosis mediators indude the Perforin/Gb^nzyme 
system, cytokine deprivation (eg. IL-3 deprivation) and 
Irradlatioa 

[0004] In contrast to apoptosis. neoosis is a non- 
physiologteal death of cells due to chemical or physkal 4S 
Injury of the cell membrane. MorphdoglGal criteria 
include ceil swelling and cell tysis, lysosomal leakage 
and toss of the cell msmbrane integrity. 

State of the Art 50 

[0005] During the last decade, it has become dear 
ttiat apoptosis plays a keyrole In several diseases. 
Apoptosis is increased in AIDS, but decreased in can- 
cer and certain autoimmune proflferatlvB diseases. ss 
[0008] Row cytometry offers a wide varied of possi- 
bMBB to msasure apoptosis. DHtorenl methods have 
bam established and Implemented, sonra whtoh stain 



on the cdl surface and eome which stain intracellularDy 
[0007] One of the first approach was. t^estoe Ihe 
observation that apoptotic celte shrink and have higher 
intracellular granuteuity to stain with DNA specific fluor- 
ochromes (eg. propklium lodUe [PQ, ethkilum Isromkie 
[EtBi]). As soon as a lethal hit is being induced, the DNA 
starts to charge its proffla Apoplotte DNA not only in- 
sists of fragmented DNA (visualised as shorter bands, 
so called DNA ladder. In an agarose gel) but is also par- 
tially digested Into singto nudeotUes, so that f luoro- 
chromes, like PI or EtBr, have less DNA to slain. This is 
typically otiserved t)y a shift to the left, caOed 6ut3-G1 
peak, on the specific ffu or oc hrom e d^ection chapel in 
the FACScan™ (from Becton Dickinson. US^. The big 
disadvantage of this metlicd ie that the ceO memt>ranee 
have first to be permeabilized with reagents, like etha- 
nd. In order to stain them with DNA specif to dyes, like PI 
^. The tre a tm ent is time and \Btaour consuming, and the 
rteks of tolling c»lls and of Iwidling errors are high. 
Furthermore, tlie discrimination t)etween live and apopr 
tolte cells cannot ba standardised ard requires large 
experlenca 

[OOOq Another method is the terminal deoxynudeoli- 
dyl Irarsferase (TdT)-mediated end-lat>ellng of the DNA 
strand breaks (TUNEg. The TUNEL method d^eds 
DNA strand breaks In cells undergoing apoplosis. TdT 
is an enzyme wtiich catalysee the addition of deooQfribo- 
nudeotide tripliosphate to the 3*-OH ends of double or 
single-strandad DNA. UnlikB normal cel^ apoptotic call 
nuclei inc oipo r a te exogenous nudeotidee (dUTP)-DIG 
In the presence of TdT An anti-DIQ antikxxily fragment 
with a cooiugated fluorochrome enables ttie visualisa- 
tton of apoptotic cells. An incrsase of apoptoHc cells 
causes a higher number of DNA fr^ne ntb and corse- 
quently a brighter fluorescence. An advantage of this 
meHiod is the very high specificity A disadvantage of 
this method is ttat it is expensive and can only be used 
for a small set of samples, because it Is time Intensive. 
Therefore, it is not applicable lor iaiige ecreening pro- 
grammes. 

[0009] The toss of ceHl menijrane polarity and the 
presentatton of increased amounts of phosphatidyl ser- 
ine (P8) on the outside of the cell ment)rane during the 
early phase of apoptosis has led to yet a new approach. 
Anneodn V Is a caldum-dependent phocphoDpto-l^lndng 
protein with high affinity for P8. Due to Ihe fM. that the 
cell membrane integrity is maintained in the early and 
intermediate phases of apoptosis but not In nscroste, it 
is possible to distinguish between apoptotic and 
necrotic cells, when Annexto V is used concomHantly 
with the DNA dye PI. Early and intennediate apoptotic 
cdis show increaeed binding of Annexin-FITC and are 
mainly negative for Pl-^alnlng. Late apoptotte stages 
and necrotic cdls become douUe positive, because of 
PS presentation on the surface and the PI stedning of 
intracellular nudeic adds due to dieintegratfon of the 
menfforane ^. TMs mefliod to also oosHy and labour 
intenslva 
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VmOl GreenfluoresoenceproteinCGFP) from the jel- 
lyfish Aequorea victoria can be used to monitor gene 
expression and protein localisation In living organisms 
Cm vivo) and in vitro QFP-fluorescence is statsle, 
can be monttored nonlnvasivaly In living ceils and per- e 
siets in paiBlbrmaldehyde'fixed oeHs^ FACS-optimized 
mutants of green fluorescence protein have bsm devel- 
oped ^ One of tfiese mutants (QFPmutl) has k>een inte- 
grated into the pEQFP vectors and is commercially 
arailatria (from Clontech}. The big advantage of this 10 
mutEUit is that the maximal excitation peak of QFPmutl 
Is 483 nm and the emission maxima is 507 nm. Conven- 
tional flow cytometers are equipped with an argon laser 
emitting fight at 488 nm and have the suitable detection 
filters already IrKtaDed, maldng the QFPmutl -protein an is 
ideal candidate for flow cytometry studies and fluores- 
cence mlcroscQpy. 

[Oeil] QFP has been used as a marker protan to 
detect ceOs tran^ently transfected with ^ commer- 
ciaity available piasmid pEQFP-Ci (Qorrtech)^. 29 
Aoooiding to this pukjilcailon apoptosis was detected by 
reduced fluorescence off the DNA-tsbiding clye PI In the 
apoptotic eiibpopuiation. it was not lecognized that 
QFP itself ooM be used as a marker for apoptosis. 
[0012] Experiments by the present inventors have 2s 
shown, that statsle transfedlon of eukEiryotic c»lls (ag. 
A20^ with the pEGFP-Cl (as received from the man- 
ufacturer Clontech with the cytomegalovirus CMV pro- 
moter) results In little or no expreesion of the QFPnrutI 
gene. 99 
[0013] For the foregoing reason there is a need for a 
new and improved method and toote for d^ermlning 
apoptos i s and necrosis of cell lines whfeh in parlteular 
can t>e ised to efficiently and cheaply assay com- 
pounds on their pro- or anti-apoptotic activity. 3B 

ObJeoUve of the Invention 

pm4] Accordingly, it is the olsjective of the invention 
to provide an improved rnethod lior the determination off 40 
apoptotic and/br necrotic conditions of ceOs arxd to pro- 
vide improved toole useful tor this method. 

Summary 

4S 

[0015] Our invention is directed to a method fbr Ihs 
determination of apoptotic and/6r necrotic conditions of 
living test cells that satif ies the here!nt>efore dlsojssed 
needs. This method comprises monitoring the presence 
of a marker protein in said celle. In perlfc^ular, wherein so 
the apoptotic and/br neorotic condition is monitored in 
the presence of a non-. pro-or anti-apoptotically or 
necrotically active oon^^ound, and/or a physical stimu- 
lus, and wherein the marker protein is prefen-entially 
produced in the test cells after stable transf ecUon of sakl a 
cells with a DNA coding tor and expressing the marker 
|3rateln. 

IfiOtBl A preferred marker protein Is the Qreen Ruo- 



reecent Protein (GFP) or a fluorescent mutant thereof, 
e.g. QFPmutl. 

[0017] Another embocfiment of our Invention is 
directed to a new vector tor the stably transtoction of test 
ceils whtoh are able to highly express said marker pro- 
tein. Wb found that the known hEFI -a promoter, and the 
new ooiTtjination of the CMV and the MOLV-LTR pro- 
moter are particularly well suited tor enhancing tran- 
scription of the QFPmutl gena 
DDOIS] Anottier entodlmant of our inverrtion Is 
directed to a five cell line stably transfected with such 
vector. Such cell line c»n t>e used in an assay to deter- 
mine non-, pro- or anti-apoptotic or necrotic activity off 
test compounds. 

[0019] Another embodiment of our inventton is 
directed to a method to assay ttie non-, pro- or anii- 
apoptotic or neootic activity of a iesA compound on Gve 
test cells. This mettiod comprises stately transfecting a 
group of said ceOs with a vector coding for arKi express- 
ing a marker protein. TTie transfected cells are treated in 
a suHable culture medium wHh the tsst compound. The 
presence, l.e. the decrease or Increase, re^sedtvelyi of 
the expressed marker protein in said group of ceOs is 
monitored by conventional methods, and compared wHh 
the results okieerved with a parallel group of the same 
test cells wfilch was not ex p osed to the test compound. 
The test conpound may consist of a rnultipBcity of com- 
pounds, e. g. as obtained from conrtoinatorical chemis- 
try methods. Of parttoular interest are the apoptotic or 
necrotic conditions of normal and cancer cells under the 
Influence of test compounds and/or physteal stimuD. 
IP02Q] These and other featuree. aspects, and advan- 
tages of our invention wID become battsr understood 
with reference to the follawlr^ description, appended 
claims and accompanying drawings. 

Short DesGriptloii of the Drawings 

IP021] 

Fig. 1 : pBluesca1ptilK8(+)+EF-1a plasmU. The pro- 
moter of human EF-la has been cloned into the 
pBluescriptllKS(+)vBCtor (ftom Stratagene) wHh 
Hind III and Xba I. 

ng. 2: pBlueecriptllKS(+)^F-1o»QFP plasmM. 
The gene ooding tor QFPnnutl (from pEQFP-CI, 
Qontech) f^ been cloned into the p^escriptl- 
IKS(+)+EF-1a pl^mid witii Xba I and Ssp I. 
Fig. 3: pEQFP-NI+MoLV-LTR plasmid. The MoLV- 
LTR promoter has tieen doned into the pEQFP-NI 
vector (from Ciontech) with Hind III and Eco Rl. 
Rg. 4: FACS-histogramm showing the difference of 
the fluorescing capacities between non-transfected 
living A20 and QFP-tranefected living A20QFP 
measured on the FL-1 channel. 
Fig. 5: FACS-histogramm showing the diffference off 
the fluorescing capacities between non-tran s fected 
Ihdng PB3c and QFP^ransfected living PBScQFP 
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measured on the FL-1 channel. 
Fig. 6: FACS-hSstogramm ehcwfing the cfiffBrence of 
the fluoreedng capacHies between non-tranefected 
living Jurkat and QFP-transfected living JurkalQFP 
nraasured on the FL-1 channel. 5 
Fig. 7a: FACS dot plot showing the cell size (FSQ 
and granularity (6SC) of Dving A20QFP. 
Rg. 7b: FACS-h is tog r a mm showing the typical 
QFP-fiSSodated fluorescence profile of living 
A20QFR 10 
Fig. 8a: FACS dot plot showing the shrinkage and 
increased granular density (oonpared to Rg. 7a) of 
sFasL SN treated and therefore rrainly apoptotic 
A^FP. 

Fig. 8b: FAGS-histogramm showing ihe decrease of is 
QFP associated fluorescence in sFiasL SN treated 
and therefore mainly apoptotic A20QFP. 
Rg. 8c: FACS dot plot showing the difference 
tMtween high fluore^r^ living A20QFP (R1) and 
low fluorescing apoptotic A20QFP (R2). 2o 
Rg. ad: FACS dot plot of high fluorescing living 
A20GFP (gale R1 from Rg. 8g]. The high fluoreso- 
ing A20QFP ceOe (R1) belong mainly to the not 
shrunken and not granular dense cell population 
(typical pattern of living cells). ^ 
Rg. 8e: FACS dot plot of low fluorescing apoptotic 
A20QFP ^ate R2 from fig. 8c). The low fluorescing 
A20QFP cells belong mainly to the shrunken and 
granular derm cell |3opulalion (tyiical fteture of 
apoptotic celis). so 
Rg. 9a: FACS dot pk>t blowing Ihe celi size and 
granularity pattern of living A20QFP (ethanol 
treated and Pl-stalnsd). 

Rg. 9b: FACS-histogramm showing the typical 
DMA-pattern of Pl-stained living A20GFP. ss 
Rg. 10a: FACS dot piot lowing the shrinkage of 
sFteL SN treated A20GFP (ethanol treated and Pl- 
stalned). 

Rg. 10b: FACS-histogramm showing the fragmen- 
tation of DMA (represented by the sub-GI peak b 4o 
M1}, as proof for qpoptos b In sFML SN treated 
A20GFR 

Rg. 11: FACS-histogramm showing the fluores- 
cence intensity of living A20QFP compared to 
apoptotic A20QFR necrotk: A20GFP and living 45 
non-transfected A20. 

Rg. 12a: FACS-histogramm sfiowing the induction 
of apoptosis by sFbsL SN In A20GFP (oontrd 
experiment to Rg. 12b). 

Rg. ^Zb: FACS-histogramm showing the Irductlon so 
of apoptosis by sF=iasL SN in A20GFP in ihe pres- 
ence c^ActD and ChDC NeHher a reduction of GFP- 
associatsd fluorescence nor a Inhibition of a|30|:iio- 
sis can be observed. 

Rg. 13: FACS-histogramm showing the anti-apop- ss 
totic eflect of lL-3 treatment Apoptotic PB3cGFP 
cells show a lower GFP-assodatBd f luorsscence 
Intensity comjMred to the IL-3 treated and therefore 



living PBaoGFP. 

Rg. 14: FACS-histogramm showing the pro-apop- 
totic effect of sFasL SN on JurkatOFP, visualised as 
a deaease of OFP-assodated fluoreecence in 
apoptaite JurkatQFP cells compared to living Jur- 
katGFP 

Des^ptlon 

[0022] Apoptotic and/or necrotlG oondltions of cells 
can be induced either physically. e.g. by irradiation, or 
chemically, e.g. by treatment with pro-apojJtoBcally or 
necrotically or other active compounda 
[0(123] Marker proteins, that can be used for Ihe 
method, are proteine which are detected indirectly by 
staining or direcUy by their physical and/br chemical 
cfmracteristks, ag. t}y fluorescence. They can be 
directly introduced into the cefls or produced internally 
after trarnfection with a vector expressing the marker 
protein. Direct introduction of the marker protein may be 
achieved Ijy methods known In the art, a^.liytheuseof 
liposomes. Test cells are transfacted etthar transiently, 
e. g. with a Gpid such as the LipofectAMlNE™ reagent, 
or preferentiaDy stately t)y use of a gene-Qun or other 
suitak)le m^hods, and preferrably Isy electroporation. 
Useful vectors are of RNA or preferrably of DNA origin. 
The marker protein ie produced in the test cells after 
transfiection with the vector, usually a DNA vector, cod- 
ing for and expressir^ the nwker protein. Useful 
marker proteins are known and comprise any detecta- 
ble proteins, in particular fluorescent proteins. e.g. the 
blue fluorescent protein (BFP), a green fluorescent pro- 
tein such as QFPuv or QFPwL A preferred marker pro- 
tein is the C^Pmut 1 . 

[0024] The amount of intact marker protein (marker 
function) present in the cells can either be visualized 
indirectly by staining, egg. with antibodiee. or directly by 
the physksal and/br chemicaJ characteristics of the 
marker protein itself, preferrably by fluorescence. Under 
necrotic conditions the marker protein loses its function 
much faster and more oomptetely oorrpared to apop- 
totic conditions. Under necrotic condition the marker 
furtction Is lost within a lew hours, whereas liinctlonai 
loss is delayed under apoptotic conditions. The dilig- 
ence In time also alksws the distinction tselween these 
two cell condlttor^ 

[002q Useful visuaiisation is performed on fixed, eg 
in parafomrmkiefiyde, or Gve ceils, knjt monitoring Is pre- 
fenably pertormed on live ceOs in the culture medium 
either by color reactiom or preferentially by fluores- 
cence measurementa Detection devices comprise flow 
cytometry, ag. FACScan™, fluorescence piatereaders, 
ag. FLIPR™, or any other suitable detection device. 
The acquisition device used is a FACScan™. The follow- 
ing parameters are prefarenllaDy measured: 

FSC-Helght (ftxward scatter) as a measure for Ihe 
cell size, 
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- SSC-Height (side scatter) ae a measure tor the 
internal granularity (density) of the ceiISp 

- green fluorescence (e.g. of QFPmutI) is visualised 
on the FL-1 channel (FL-1 HeighO in the FACS- 



[0026] The resufts are oonpared after dot plot and/br 
histogramm visualisation (see Fig. 4 Id 14). 
HQOSn Useful test cells comprise eufaryotlc and 
prokaryotlc oell& The test calls which are used In the 
method are cells of any type, pr^entially normal. 
Infected, e. g. with virus, parasites, kiacterla or prions 
infected, tumor ceDs or genetically manipulated cells of 
human or animal origin, which can be cultured In vitra 
cairying a vector expressing the marker gene. Such test 
ceDe are lor example lymphoma ceDs, e.g. A20JSJ, Jut- 
kat or mast ceDs, ag. PB-3c which are transfected wfth 
DNA vectors pBIuescriptllKS(4>)4£F-1a-HEGFP or 
pEGFP-Nl 4M0LV-LTR, respectively, to give the Ove cell 
lines named A20QFP. P^cQFP or JurkatOFP, respec- 
tively. 

PUI28] In a prefmed method the prasenoe of Qrean 
Ruorescent Protein (QFP) or a fluorescent mutant 
thereof (e.g. GFPmutI] is monitored by means of a flow 
cytometer measuring the fluorescence intensity. In gen- 
eral two groLf>s of test cells are used, each of a defined 
number of cefle (e.g. cancer cells), which are tians- 
fedied with a DMA vector according to our invention. 
Depending on tiie detection device the number of 1e^ 
ceDs in the test tubes is 5 to 50^000^. tut for flow 
cytome^ lOtKX) to 500*000 are preferratity used. 
[0029] In a preened method two groups of test cells 
are used, each of a defined nunter of cells (ag. cancer 
ceDs) , which are stably transfected with any of the vec- 
tors according to the invention, incuk^ting one group 
together wfth the test compourd in a cnjlture medlunn, 
stimulating the ceOs of both groaps with an excitation 
beam, usuaDy with a wave ler^ht of high energy. In par- 
ticular an argon laser, determining the fluorescing inten- 
sity of the cells of each group by means of a flow 
cytometer. presently on tho FL-1 channel (FL-1 Height), 
and comparing the obtained fluorescing inten^ty of the 
ceOs of the two groups. 

[P030] Another embedment of the invention ie 
directed to vectors useful In the method described 
abcwB. A vector according to the invention comprises a 
gene oocfing tor the marker protein which Is operably 
llnksd to one or more strong promoters, preferably the 
hEF1-o promoter, the MoLV-LTR promoter or a combi- 
nation of the CMV and the MoLV-LTR promoter. TTie 
promoter of EF-la (elongation factor-la) chronmomal 
qme efficiently etimulatee in vitro trEinscription ^. EF- 
la promotes the GfTP-dependent binding of an amlnoa- 
cyl-tRNA to ribosomee in eukaryotic celte. EF-1a is one 
of the most abundant proteins in eukaryotte cells and Is 
expressed in almost aD kinds of mammafian cells. TTie 
MoLV-LTR (Moloney Leukemia Virus-Long Ibrmlnal 
Repeat) is a very effscflve promoter These findings 



make the promoter of EF-la and the AtoLV-LTR pro- 
moter prefen*ed candidates for enhancing tranecription 
of a desired gene. 

[0031] Preferred vectors have a gene coding for the 
0 QFP or a fluorescent mutant Iherof. TTiey are in particu- 
lar able to express the marker protein GFPmutI . Such 
vectors are speciflcally the piasmU pBlue»»1pl II 
KS(+HEF-1a+EQFP and pEGFP-Nl^oLV-LTR. 
[0032] Advantageously vectors with one or more 
10 strong prontoters are used In older to obtah a high 
expreeston of the gene coding tor the marker protein, 
prefsrrably GFPmutI . 

[P033] The present vectors are produced methods 
known In the art 

IS [0034] Another embodiment of the inventton is 
directed to live ceiriinee useful in the above method. 
Preferred Dving cell lines are transfected with a pre- 
fen-ed vector according to the invention and are named 
A20GFP, PKcQFP or JurkatQFR 

20 IP035] A20.2J ie preferentiaDy transfected with the 
pBluescrfpllll^+)+EF-1arfEGFP vector, whereas Jur- 
kat and PB-3c era transfected with the pEGFP- 
NI+M0LV-LTR vector. Tlie ceDs are preferably trans- 
fected ksy electroporaiion. The transfected cells are 

25 selected by mgle cell assay in order to ot>tain ctonaOy 
and statily transfected oell Ones. TTie seledkm process 
mvolves fiigh GFP esfiresston (high fluorescence inten- 
sily) and GFP-f luorescence of the selected ceDs in a 
narrow range, in order to obtain a homogenous high 

30 GFP-expressing ceO line. 

[0036] In anotfier embocfiment the invention 
dir^ted to an assi^r to determine the non-, pro-, or anti- 
apoptotk: or necrotk: activity of new or known test com- 
pounds. The test performed In that a defined number 

as of transf^ted and selected cells is incubated wHh a ted 
compourvi or/and a pfiyskal stimuD, e.g. Kvilcation or 
irradiation, in the appropriate culture medium. Preferen- 
Hally 250*000 cells per condition are used. Any culture 
medium can be used in which the celte survive and/br 

40 grow. Preferred culture media oonprise e.g. lecove's for 
A20GFP, iscovB's plus iL-3 fbr PBScQFP. and RPMI fbr 
JurkatGFP 

ID037] For comparative and standardisation purposes 
useful apoptotic compounds are e. g. proteins, such as 

46 ^isL« MIy addSi e.g. ceramlde, steroldSi e.g. Cortisol, 
antibiotics. &g. tileomydn, and ottiers. A preferred 
apoptotic &jt>8tanc6 for A20GFP and JurkatGFP is 
FasL A useifiil antl-apaptofk: sut^stEmce for PKcGFP is 
IL-3. ToKicity and thereby necroeis can t>e induced with 

so a wUe variety of sutsstances. Praferred Inductkin of 
necrosis includes the use of antibodies plus comple- 
ment on A20GFP. 

[0033] Cells can t>e cultured at different temperatures, 
but for the essay the teet ceH^ are preferrably cultured at 
ss 37 <^ during thatime of the assay. In RACS-analysis 10 
000 cells are usuaDy evaluated from a pool of 250 000 

[P039] Live, transfscted oellSi in comparison to apop- 
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totic transfected cells, show a high level of specific f luo- 
rescenoe intensHy, whereas apoptotic cells lose part of 
their fluorescent capacity after some hours (shift to the 
left on the fluorescenoe detecting channel FL-1). On the 
other hand, necrotic cefls lose all their fluorescing 5 
capadly witMn a couple of hours and at that time render 
them Indlstlnguistiable ffoxn non-trandected cells. 
[004(q The reduction of the experimental set-up to a 
single parameter (a marker protein, e. g. GFPmutI) and 
the possibility of standardisation renders the prssent 10 
inventton a useful and improved method for the screen- 
ing of non-, pro-, antlapoptotic and necrotic substances 
and/br phy^cal stimuli. SlandaicGsation is possSde for 
the transfectlon and selection method, the fluorescence 
measuring, the numt>ers of transfeced cells, the amount is 
of test compounds used, the type and intensity of the 
pfiysica) stfrnuD, and other standardizable parameters, 
such as the setup of the flow cytometer and/6r any other 
suitable screwiing devlceb e. g. fluoresoenoe plateraad- 
ers. 20 
[0041] Altfiough the present inventbn lias been 
deGoibed In GonslderBt)te detaO with refarence to cer- 
tain prefeffed emk)odiments therof, it should be noted 
tfiat other embodiments or versions are possSsle. For 
example for the detection of non-, pro- or anti*apopU>ti- 2s 
cally or nec^cafly active compouncte on specific ceil 
iinesi e. g. specif ic cancer cell Ones* such as cell lines of 
malignant tumors of human breast, lung, braia odon, 
prostate and the like, the relevant ceD line may be stably 
transfected with a ve^ of the invention, or vectors so 
sncoding other easDy detectBt)]a proteins may be con- 
structed and ueed for tfansfection. Therefore the spirit 
and scope of the appended claims should not be limited 
to the description of tlie prefisrred verslone oontahisd 
therein. ss 
[0042] The following examples desa1t)e the invention 
in stiD more detail but Ihey also should not be construed 
as a llmllBtlon of the present Invention. 

Example 1 : Ooralructlon of p«uescnplliK8(+}+EF- 40 
IwEGFP 

[0043] For the construction of the pBluescrtptl- 
iKS(+)+EF-iafEQFP piasmid (see Fig. 2) the promoter 
of human EP-1 a (from pEF-BOS, Mndly provided by 8. 4S 
Nagata and Ihe gene EGFP -1- SV40 poly A coding 
lor QFPmutI (from pEGFP-Cl, Clontedi) wrere cloned 
into the pauescriptllKS(+)vector (from Stratagene). 
[0044] Tlie first Step was to done the promoter of 
human EF-1a (from pEF-BOS) into the Xba I and Hind so 
ill predigested pBlue8criptllK^+) vecter. 
[004q The resulting EF-1a promoter fragment, after 
l-Ond III and Xba I d^estlon of pEF-B08, has a length of 
1188 bp, whereas the other resulting fragment corre- 
sponds to the pEF-BOS backbone. 55 
[0046] The pBluescriptllKS(+) contains a unique Xba 
I restriction sHb (position 677) and a unlcpje Hind ill 
restriction site (posHkm 719). The two resulting tag- 



ments after Xba I and Hind III digestion have a length of 
2919 bp and 42 bp, respectively 
[0047] Three iig pEF-BOS vector were mixed in an 
Eppendorf tube (tube a) with 1 iil Hind III (from Boe- 
hringer Mannheim, 12 U/^iQ. 1 »il Xba I (from New Eng- 
land Biolabs, 20000 U/M). 3 ld 1 0x incubation buffer to 
restriction enzyme B (from Boehringer Mannheim) and 
20 111 dout)le distOled water making a final volume of 30 
m1. In another ^spendorf tube (tut>e b), 3 pBluescrip- 
tilKS(+) were pipetted together with 1 ^i Hind IIL 1 jil 
Xba 1. 3 III 10x incubation huffier fbr restriction enzyme B 
and ^1 double distiDed water to make a final volume 
of 30 ^1. Both Eppendorf tubes (tulles a and b) were 
lncii)ated fbr 3 hours at ST'C After incut>atlon. 1 1 iil 
DNAf4oading buffer (0.2S% bromophenol blue from 
S^ma, 0.25% Selene cyanoi from Sigma and 1 5% Ficoll 
type 400 from Pharmacia in water) were added to both 
tubes and tho-eafter the contente were loaded ontosep- 
arate slots on a 0.6% low-meltir^hP<^n'f (LMP) agarose 
(from Bethesda Research Laboratories) gel. in a third 
sloL 9 }J 1 Kb DfM-ladder 0rom Promeg^, diluted 1:3 
with DfM-loadIng buffer, were loaded on the gel. TTie 
0.6% LMP agarose gel is prepared by mixing 0.3 g 
LMP-agarose were dissolved in 50 mi 1xlAE(5QxlAE 
concentrated etock solution fper liter): 242 g 
7Hs(hydroD(ymethyl)-amlnomethane (from Merely. 57.1 
ml glacial ac^c acid (from Mend^p 1 00 ml 0.5 M EDlA 
0n>m Sigma) (pH 8.0) and doUUe distilled water were 
added to a final volume of 1 Dter), heating the mbdure 
until it is (fissoived, and adding ethi<fiumbromide solu- 
tion (from Sgma) to a final concentration of 1 iig/ml. The 
gel is run at 60-70 Volte fbr 60-90 minutee. The ethid- 
iuntiromtde stained DNA-I>ands In the gel are visual- 
ized with 300 nm LAMlOht and their size are determined 
relative to the 1 1Q> DNA^ladder. TheDMArband contain- 
ing the 1 ira bp long fragment (EF-1a promoter) from 
the digested pEF-BOS vector and the DNA-band con- 
taining the 2919 bp long fragment from the digested 
pBlueecriptllKS(-i>) were cut out from the LMP agaroee 
gel and put into two different eppendorf tui>e8. Both 
tubes were centrifuged Isrief ly and inculcated at 65 
for 5 minutes. Afterwards, 3.5 id of the 2919 bp long 
fragment (IHind ill and Xba I dige^ed pBluescript II 
KS(+)) were mixed together with 7 (xi of the 1 188bp tong 
fragment (EF-1a pronvter from the Hind III and Xba i 
digested pEF-BOS) in a separate Eppendorf tube, Irtcu- 
bated at 65 ^'C for 5 minutes and centrifuged briefly TTie 
mixture was coded at 37 °C and then ttie fdlcMving liga- 
tkvi mix was added: 2 pil lOx ligation buffer (from Appli- 
gsne, provided with T4 DNA ligase). 7.5 pi double 
distilled water and 1 |il T4 DNA ligase (firom Appligene, 
5 U/UD- The Ggation reacb'on was incubated overnight at 
15 •C. 

[0048] The newly ^ated pBluescriptllKS(+>f£F-1a 
was transformed into One Shot™ competent E. oo// 
(ffom Invitrogen), according to the manufacturer proto- 
col of Invltrogen. 

PUMQ Ten |J of the ligation reaction were used for Ihe 
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transformation of competent £. coS, 50, 100 and 200 |il 
of the transformation mixture were plated on Afferent 
ampidllln-containing LB agar plates (10 g tryptone, 5 g 
yeaet extract, 10 g NaO. 20 g l>actoagar (from Difco 
Laboratdres Detroit Michigan USA), adiusit pH to ZO 
with NaOH, water to afinal volume of 1 liter, cuitodave, 
cool the agar-ntedia to 55 add ampldlliri solution to 
a final ooncentration of 50 pgfm\ and pour the plates 
with lO-lSml agaryjplate}. Theplatee^transformation mix 
were then incut)ated at 37 °C overnight. The naxt day 
different k>acterial colonies were picked for further anal- 
ysis of recombinant DNA clones by smaD-scaie plasmid 
DNA isolation (according to the alleiine lysis m^hod 
desaS^ed in Maniatis eta/. 

[0060] To check the preeence of the EF-la promoter 
fragment cloned into pBlueecript II l®(+), a Hind III and 
Xba i restriction enzyme digestion of the IsolatBd DNA 
was earned cut (3 pi lOx incutaation buffer for restriction 
enzyme B, 5 pJ plasmid DNA from the alladine lysis 
method, 2 pi double distilled water. 1 pi Hind III. 1 ^ 
XbB I were mixed together in an ^ppendorf tutie and 
Incutsated fbr 3 liours at 37 «C). loaded on a 1% agarose 
(from Bio-Rad) gel and euteequently visualized with 
300 nm UV-light and analyzed. The espected fragment 
of 1 1 88 bp length after hfind III and Xba I digestion was 
observed, £ind therefore confirmed Ihe presence of the 
dcned fragment (see also Fig. 1). 
[0051 ] In Older to obtain large quanthies of Hie newly 
created plasmid, a large-scale plasmid DNA teolation 
was performed according to the Qiagen Pteismid Maxi 
Protocol. 

[0062] The second step was to done the EQFP + 
SV4OpolyA0rompEGFP-d) Into the Xba I and Sep I 
predigestad pBlue8crlptllKS(+yi-EF-1a 
[0063] The pEGFP-CI vector (from Clontech) con- 
tains a unique Nhe I restriction ^ (position 592) and 
two Sep I restriction sites (position 1664 and 2217). TTie 
three resulting fragments, after Nhe I arxi Ssp I diges- 
tion, have a length of 3106 bp. 1072 bp and 553 bp^ 
respectively. 

[0094] The pBliiesc^lKS(+)+EF-1a (see Rg. 1) 
contains an Xba 1 and two Ssp I restriction sites and the 
three resulting fragments, after Xba I and Gsp I diges- 
tion, have a length of 3319 bp» 658 bp and 130 bpi 
respectively. 

[0055] Of the pEGFP-Cl vector 42 pg were mixad in 
an ^ppendorf tube (tube 1) with 1 pi Nhe I (from New 
England Solabs, 4000 UAnl), 1 pi Ssp 1 (from Boe- 
hringer Mannheim, 10 U/|a1), 3 iil lOx incubation, buffer 
for restriction enzyme M (from Boehringer Mannheim) 
and 18 pi dout>le cfistiDed water making a final volume of 
30 111. In another Eppendorf tube Cube 2), 3-4 iigpBlue- 
scriptllKS(+)+EF-1a were pipetted together wHh 1 }il 
Xba 1, 1 pi Ssp 1, 3 pi lOx inoibaticn buffer for restriction 
enzyme H (from Boehringer Mannheim) and 18 pi dou- 
ble distilled water to malta afinal volume of 30 pi. Both 
^pendorf tubes (tubes 1 and Q were Inculsated for 4 
hours at 37^C. After Incutiatlbn, 11 pi DfM-loading 



Ixjffer was added to both tutjes and thereafter the con- 
tents were loaded into separate eiots on a 0.6% low^ 
melting-point {\MP) agarose gel. In a tiiird slot. 9 pi 1 
Kb DMA-ladder, diluted 1:3 with DNA-loacfing buffer, 

5 were loaded on the gel. The gel was run at 60-70 VoUlts 
for GO-90 minutes. The ^hidiumbromide stained DNA- 
bands in the gel were visualized witii 300 nm UV^ight 
ard their size was determined relative to the 1 Kb DMA- 
ladder. The Dr4A-band containing tiie 1 072 bp long f rag- 

10 ment from the digested pEGFP-CI vector and the DMA- 
band containing the 3319 bp long firEigment from ttie 
digested pBluescrlptllKS(+>i-EF-1a were cut out from 
the IMP agarose gel and put into two different Eppoi- 
dorf tubes. Both tubes were briefly centiifuged and incu- 

ie bated at 65 for 5 minutes. Afterwards. 3.5 pJ of the 
3319 bp long fragment (Xba I and Sep I digested pBlue- 
scrlpt II KS(+) + EF-1a) were mixed together with 7 pl of 
the 1072 bp long fragment (EGFP + SV40 pdy A from 
the Nhe I and Ssp I d^e^ed pEGFP-CI) In a separate 

20 EpperKlorf tube, Incaibatad at 65 for 5 minutes and 
centrifuged bndly. The mixture was cooled at 37 ''C and 
then the following ligation mix was added: 2 pi lOx liga- 
tion buffer, 7^ pi double distilled water and 1 pi T4 DNA 
Ogase. The ligation reaction was Incubated overnight at 

25 15 -C. 

[P056] The newly ligated pBluesGriptllKS(+)+EF- 
la+EGFP was t ran stormed into One Shot™ competent 
E. ooii (fiom Invitrogen), according to the manufacturer 
protocol of invHrogen. Ten |J of the Dgation reaction 

30 were used for the tra ns f o r mati on of competent E. cofL 
50, 100 and 200 pi of the trar^fbrnration mixture were 
plated on different ampicillin - containing LB agar plates 
and incubated at 37 ^GvemlOht. The next day diffarent 
kiacterlal oolonieB were picked fbr further analysis of 

ss recombinant DNA clones by small-scale plasmid DNA 
solatlon (according to the aOcaOne lysis nnethod 
described in Maniatis et at. ^). 

[D057I The newly constnjGledpBluesGriptllKS(+)+EF- 
Iqh-EOFP vector (see Rg. 2) contains t«« Sal i restric- 
40 Hon sites, one in the pBlue8criptllKS(+) bad^sone and 
Ihe other one In the doned EGFP-kSV40 poly A frag- 
ment The tHvo resulting liagments after a SsA I digestion 
have a length of 1981 bp and 2410 bp, respectiveiy. 
IP058] In order to chedc the presence of the EGFP + 
46 SV40 poly A fragment doned into pBluescrlptl- 
IKS(+)+EF-1a. a 8al I rsstrictlon enzyme digestion of 
Ihe isolated DNA was carried out (3 pi lOx incubation 
buffer for restriction enzyme H, 5 pi plasmid DNA from 
the alkaline lysis method, 22 pi double distflled water, 1 
BO pi Ball (from Appflgena 10 U/pl) were mixed together In 
an Eppendorf tube and incubated for 3 hours at 37 **C), 
loaded oh a 1% agarose gel and subsequently visual- 
teed virith 300 nm UV-Dght and analyzed. The two 
expected fragments of 1981 bp and 2410 bp length after 
ss Sal I digestion were otsserved. arxl therefore confirmed 
Ihe presence of the cloned fragment. 
ID059] In orderto obtain large quantities of the newly 
plasmid (see figure 2), a large-scale plasmid 
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DNA isolstion has bden porfionnod acooiding IbthB Qid- 
gen Plasmid Maxi Protoool. 

[OOTO] At this point to ^eck the functionality of the 
newty oonetructed pBlue8criptllKS(-ft-)-i-EF-1a +EGFP 
plasmid, C08-1 calls (ATCC OCL 1650XCOS-1 is a 9 
fibfol)last-like cell tine established from CV-1 simian 
calls from ATCC Cl^ 1 650) were trandently tansfacted 
with 2 |ig of the plasmid, aocoiding to the DEAE-Dex- 
tran Trar^ection PrutDcol ftom the MammaDan Ttara- 
Itetion Kit of Stralagene. After 1-3 ctays imtalian at 37 io 
*>C. the transiently transfected COS-1 cells were ana- 
lyzed under the fluorescence microsoope ard highly flu- 
orescing QFP-po^tive COS-1 cells have been 
observed, indicating that the oonslnjcled GFP-carrying 
plasmid was functional. is 

Example 2: Conalnjctlon off pEGFP-NI^MoLV-LTR 

[0061] l=br the (»nstru(^ of the pEGFP-N1+MoLV- 
LTR plasmid (see Fig. 3) the MoLV-LTR promoter ^ so 
(from QanHMoLV-LTR) was doned Into the HM ill and 
Eco Rl predlgestad pEGFP-N1 vector (from Clontech). 
[0062] The MoLV^LTR promoter » was cloned with 
KGnd III and Eco Rl Into the pG£M-3Zf(+) vector (firom 
Pronrtega).TheQem-MoLV-LrRcontainsa unique Hind ^ 
III and a unique Eco Rl restriction sita The resulting 
MoLV-LTR promoter fragnmii, after Eoo Rl and Hind ill 
digestion, has a length of 697 bp, whereas the other 
resulting fragment corresporxis to the pQEM-3S(-f) 
baddtxvie. so 
[0063] The pEGFP-NI (from Qontec^) contains a 
unique Hind III restriction site Qsosition 623) and a 
iffilque Eoo Rl restriction site (posHlon 630). The two 
resulting fragments, after Hind III and Eco Rl digestion, 
have a length of 4726 bp and 7 bp, respectively. ss 
[0064] Of pEQFP-NI 7.3 pg were pipetted into an 
Eppendorf tube (lube ^ together with 1 mI Hind III, 3 iJ 
10x Incubation kxiffar for restriction enzyme B (l^om 
Boehringer Mannheim) and 21 |il double distilled water 
to make a final volume off 30 ^. Thetube was incubated 40 
for 3 hours at 37 ^C. AFtenwards, It was incutsated at 65 
°C for 5 minutes, cooled down at 37 ""C and 9 |J double 
cfistiDed water, 1 |i] 10x Incubation buffer for restriction 
enzyme B and 1 ^1 Eco Rl were added to the mixture 
making a final volume of 40 In another Eppendorf 4S 
tube (tukie B), 3 pg Qem-MoLV-LTR were mixed witii 1 pJ 
hGnd lll» 1 111 Eco Rl (ffom Boehringer Mannheim, 10 
U/mJ),3|iI 10x incubation buffer for restriction enzyme B 
and 20 iaI double distilled water making a final volume of 
30^1. Both Eppendorf tLbes(1ut)e6 A and B) were Incu- so 
bated for 3 hours at 37 **C. After incubation, 14 ^ DMA- 
loading txjffer were added to both tubes and thereafter 
the contents were loaded Into separate slots on a 0.6% 
low-melting-point (LMP) agarose gel. m a thind slot, 15 
^1 1 Kb DMA-ladder (1^ Promega}, diluted 1 :3 with ss 
DNA-loading buffer, were loaded on the gel. Tlie gel 
was run at 60-70 VdHs fbr 60-90 minutes. The ethldum- 
bromide stained DNArbands In the gel were visualized 




with 300 nm UV4ight and their size were det er m ine d rel- 
ative to the 1 Kb DMA-ladder. The DNArband containing 
the 697 bp long fragment from the digested Qem-MoLV- 
LTR vector and the DNA-band containing tiie 4726 bp 
long Ikagmant from the digested pEGFP-NI were cut 
out from the LMP agaipse gel and put into two different 
Eppendorf tubes. Bdh tubes were briefly centrlfuged 
arxi Incubated at 65 for 5 minutes. Afterwards, 3.5 pi 
of the 4726 bp long fragment (l-lind III and Eco Rl 
digested pEGFP-NI) were mbsd together with 7 mJ of 
the 697 bp long fragment (MolV-LTR pn>moterfromlhe 
Hind III and Eoo Rl dlgeetad Qam-MoDALTn) In a sep- 
arate Eppendorf tube, inojbated at 65 °C for 5 minutes 
and centrrfuged briefly. TTie mixture was cooled at 37 
and then ttte following ligation mix was added: 2 |J lOx 
ligation buff^, 7.5 ^1 double distaied water and 1 jil T4 
DNA Dgase. The ligation reaction was Incubated cmr- 
nightet15»a 

[0065] The newly llgated pEQFP-Nl+MoLV-LTR was 
transfonmed into One Shot™ competent E. ooS (from 
lnvltrogen)» according to the manufacturar prataool of 
Invftrogan. 10 iil of the ligation reactton were used tor 
the transformation of oon^etent £. ooU. 50, 100 and 
200 111 of Ihe tra ns for ma tfon mixture were plated on dif- 
ferent kanamydn-containing LB agar plates (linal con- 
centration of kanamydn: 50 lig/^l) and the ptates were 
then incubated at 37 ^'C overnight The next day differ- 
em bacterial colonies were picked for further analysis of 
reoonisinant DNA dones tiy &ran-«»le plasmid DNA 
ieolalion (according to the alkaline lysis method 
described in Maniatis ei ^. \ 
[0066] To check the presence of the MoLV-LTR pro- 
moter fragment cdoned into pEGFP-NI , a FlOx incuba- 
tfon buffer for restriction enzyme B, 5 |jl plasmid DNA 
from the alkaline lysis method, 22 ^ double distiOed 
water, 1 pJ Hind III, 1 ^ Eco Rl were mixed together In 
an Eppendorf tube and incubated for 3 hours at 37 ^'C). 
loaded on a 1% agarose gal and sutssequently visual- 
ized with 300 nm UVHight and analyzed. The eoftected 
fragment of 697 l)p length after Hind III and Eco Rl 
digestion was observed, and therefore confirmed Ihe 
presence of the cloned fragnrient (eee Rg. 3). 
[0067] In order to olitaln large quantities of the newly 
created plasmid, a laige-scale plasmid DNA isoiatfon 
has been performed aooordlng to the QIagen Plasmid 
Max! Protocol. 

Example 3: Electroporation off the murine cell line 
A2a2Jwnti pBluescr|ptnKS[+HEF-1cM'EGFT 

[0068] The A20.2 J cell line (A20^ ie a BALB/c B cell 
lym phom a ATCC TIB 206, from American Type 
Culture Collection) was co-electroporated wtth the 
pBlueecriptllK8(4-HEF-lcM£GFP and pSV2neo Cplas- 
mU containing the neo gene which confers resistance 
to Ihe drug 0418). 3x10^ ceUs (A20.2J) wei^ required 
for the electrcporatlon and were plated into fresh 
medium o o i iytote (Isoove^ modified Dull3eooo% 
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mediun ffrom Gfiboo BRL) supplemented with 5% fetal 
calf serum (from Qibco BRL). 0.05 mM 2-mefcaptDeth- 
anoi (from Gibco BRL) and 2 mM L-glutamine (from 
Qiboo BRL)) one day prior to the poration. Before elec- 
troporatlon, the cells were washed three times In loe- 
cold Ca^^Mg^ free PBS (phosphate buffered saline: 8 
g NaCI. OJZ g KCI, 1 .44 g Na2HP04. 0J2A g KI-^P04 in 
800 ml doiMe dtetilled mler, adjusted to pH 7.4 with 
HO and dout)le dstilled water was added to a final vol- 
ume of 1 liter), oounted and 3x10^ oells were resus- 
pended in 800 pi ioe^oid PBa 60 m 
pBluescriptllKS(+)4-EF-1a4<3lFP and 6 |ig pSV2neD 
were aliquoted into an electroporation cuvette for the 
oo-electroporation ol A20.2J. Tlie chilled celte were 
added to the DNA solution in the electraporation 
cuvette. The cells and the DNA solution were mixed ty 
pipetting and Incubated on Ice for 15 minutes. After 
incubation, ihe DNA cell suspension was subjected to 
an dectrlc pulse of 960 and 300 V delivered by a 
BloRad Gene Pulser™. After electraporation, the cells 
were kept on ice for 15 minutes, followed by a 15 min- 
utes incubation at room tonperature. The alectropo- 
rated A20^ were then transfen-ed to culture medium 
(medium oompieto) and grown for 24 hours before 
transfectants were selected in medium complete sup- 
plemented with 0418 (1 mgMil. from Gibco BRL). 
[0069] The electroporaied cells were cultured in the 
selection medium (medium complete supplemented 
wHh G416) for 2-4 weeks, amiyzed under the fluores- 
cence microscope and then a single-cell-assay was per- 
formed In order to obiBlh a clonal, stable QFP- 
transfected cell lina 

Example 4: Preparation of cell line PBSoGFP liy 
eleotroporatfon of the murine ceD line PB»3c witti 
pEGFP-NI+MoLH.lR 

[D070] The PB-3c cell line (which Is a cloned, strictly 
IL-3 dependent, non tumorigenic mastocyte fine iso- 
lated from the bone man-ow of a DBA/2 mouee ^'^) was 
electroporaied wHh pEGFP-NI+MoLV-LTR. 3x10^ cells 
(P3-3C] were required tor the electroporation and were 
plated into fre^ medium (medium connplete supple- 
mented with 2 % IL-3) one day prior to the poration. 
Before etectraporatlon, Ihe cells ware washed three 
times In Ice-ooki Ca^'*'yMg^'*' free PB8, counted and 
3x10^ cells were resiApended in 800 ^l ice-cold PBS. 
10 M pEGFP-NI+MoLV-LTR were aliquoted into an 
electroporation cuvette tor the electroporation of PB-3c. 
The chaied celis were added to the DNA solution in the 
electroporation cuvette. iTie celle and Ihe DMA solution 
were mixed by pipetting and incubated on ice tor 15 
minutes. After Incubation, the DNA cell suspsnslon was 
subjected to an electric pulse of 960 piF and 300 V deliv- 
ered tjy a BloRad Gene Pulsar™. After electroporatlan, 
the cells were kept on ice tor15 minutes, followed 1^ a 
15 minutes Incubation at room temperature. The elec- 
troporated PB-3c ceDs were then transtared to culture 



medium (medium complete supplemented with 2 % IL- 
3) and grown for 48 hours before transfectants wm 
selected In medium complete supplemented with 2 % 
IL-3 and G418 (1 mgAnl, from Qibco BRL). 
ff 10071] The electroporated ceils were cultured In the 
selectton medium tor 2-4 weeto, analyzed under the flu- 
orescence micrasoope and then a single-cell-assay was 
performed in order to obtein a ctonally and stably GFP- 
tansfected ceO line named PBSoGFP. 

10 

Example 5: Preparation of Hie cell One JurkatGRPIiy 
electroporation of the liuman oel line Jurliat ivtth 
pEGFP-m 1-MoLV-LTR 

70 190721 TTie Jurkat cell line (Jurkat ie a human acute T 
cell leukemia from ATCC TIB 152) was electroporated 
with pEGFP-N1^MoLV-LTR. 3x10^ cells (Jurl^ were 
required for the electroporation and were plated into 
fresh RPMI medium (FU^I 1640 medium (from GibGO 

20 BRL) supplemented with 5 % fetel calf serum (From 
QSbco BRL). 0.05 mM Z-mercaptoethanoi (from Gibco 
BRL) and 2 mM L-glutamlne (flom Gfooo BRL)) one d^ 
prior to the poration. B^e electraporation, the ceDs 
were washed three times in Ice-cold Ca^'*'yMg^'*' free 

2s PBS, counted and 3x1 0^ cefls were resu^ended in 800 
III icsKXild PBS. 1 0 M pEGFP-NI +MoLV-LTR ware aliq- 
uoted into an electroporation cuvette for the electropo- 
ration of Jurkat The chilled ceOs were added to the DNA 
solution in the electroporation cuvette. The cells and the 

30 DNA button were mbced by pipetting and incubated on 
ice for 15 minutes. Mer incutsatioa tiie DNA cell si^ 
pension was subjected to an electric pulse of 960 |iF 
and 300 V deTivered by a BtoRad Gene Puteer™. Alter 
electrq^joratlonp the cells were kept on toe for 15 mln- 

» utos. tollowed by a 15 minutes incubation at room tem- 
peratura The electroporated Jurkat cefls were then 
transferred to culture medium (RPMI medium) and 
grown tor 4a hours before tran s fs d ants were selected in 
RPMI medium supplemented with Q418 (1 mg/hil, from 

40 Gibco BRL). 

IP073] The eledrcporated cells were cultured In the 
selection medium (RPMI medium supplemented witii 
G416) for 2-4 weeks, analyzed under the fluorescence 
microscope and then a single-cell-assay was performed 

4B In order to obtain a donaDy and stably GFP-transfacted 
cell line named JurkatOFP. 

Example 6: Comparison of the fluorescent capad- 
Hes of non-transieoted and GFP-transtocted cells 

so 

IP074] Ttvee non-ralated cell lines (A20.2J, PB-3c 
and JurkaO were chosen in onder to study the fluoresc- 
ing capacltlss. 

[0075] After stable transfection of the tiiree different 
SB cell Rnes with a GFP-carryIng vector, we compared the 
non-transfected with the QFP^ransFected ceDs of each 
cell line on behalf of their fluorescing capacities, meas- 
ured by flow cytomeblc analysis in a FACScan (Becton 
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Diddnaon. San Jobb, US^. Itie GOftware programm 
Cell Quest (Becton Diddneon, US^ was used to 
acquire the data. The FACScan was calibraied with Cah 
ibrite beads from Becton Dickinson prior to acquisition. 
The following parametBre ware measured: 

FSC-Hright (tonmrd ecaltei) as a maasura tor the 
cell size. 

8SC-Heighit (side scatter) as a measure tor the 

Internal granularity (density) of the cells, 
- green fluorescence (e. g. QFPmutI) was visualised 

on the FL-1 channel In the FACScanp 
• orange fluoreecence (e. g. propidium iocfide) was 

visualised on the FL-2 channel In the FACScan. 

[0076] For measurements, 10*000 ceOs were acquired 
from each FACS-tube containing 250*000 ceOs. 
[0077] There were two surprising findings: TTie first 
was the high fluorescence intensity of the GFP-trans- 
fected cells compared to the autofluorescence of the 
non-transf acted ones (Fig. 4-6). The second was that 
the f iudrescence-fangs (visualized on the FL-1 channel 
in the RAGScan) of aD tested live OFP-transfected eel 
lines was narrow (see Rg.]: A20GFP (Rg. 4). PKoGFP 
(Fig. 5) and JurkatGFP (Fig. 6). This rules out the prob- 
lem of high and low QFP flDqvessors. 

Example 7: Apoptosls assay: taiducHoii of apopto- 
aisinA20GFP 

[0078] Apoptosls was induced lay an 8 hours incuba- 
tion of A20QFP with itie sRisL supernatant (sFasL SN 
has been produced by FasL-transfscted N2a cells, 
which were provided by A. Fcntana, Urrivarsity HoGpital, 
Zurich. Switzerland}. As negative control, A20QFP incu- 
bated In medium complete has been used. 
[0079] After washing A20OFP cells with PBS, two 
FACS-tutses (from Mcon) were prepared, each con- 
taining 250X>00 cells. The cells in the first tube (tube 1) 
were reeuspended in 500 iii normal medium conislete 
as negative control, whereas the cells in the second 
tube (tube 2) were reeuspended in 100 ^ apopto^ 
inducing 8oiiA)le FasUgand supernatant and 400 pJ 
medium complete to afinal volume of 50O ^. Both tubes 
were Incutsated for 8 fiours at 37 After incubation, 
the cells were washed with PBS. centrifuged at 1400 
rpm for 5 minutes, taken up in 500 iil PBS and meas- 
ured in the FACScan. 

[0080] In the control tube (tube 1), the m^iority of the 
cells showed a high GFP-assodated fluorescence (Fig. 
7a and 7b), whereas in the lube containing the sfteL 
SN treated cells (tut)e 2) a msyority of low fluorescing 
cells was found after 8 hours incubation (Rg. 8a and 
8b). These low fluorescing ceils corresponded to the 
shrunken apcptotic c^i population (Fig. 8c and 8e), in 
contrast to the high fiuoreedng ceils, that are mainly 
found In the bigger and lass granular living cell popula- 
tion (Rg. 8c and 8d). 



[0061] To further show and confirm, that the fow fluo- 
rescing ceO population corresponds to the apoptotic 
shrunken ceD population, a propidium lodkje staining tor 
intracellular DNA has been performed with the remain- 

5 ing cells of the previously measured tJb&s (tubs 1 and 
2). The cells were first washed with PBS^ then incu- 
bated in 70 % ethanol at -20 ''C for 2 hours, washed 
again with PBS and stained with 500 |J Pl-solution (50 
MO Pi in 1 ml PBS) for 30 minutes at 37^. Both tubes 

10 {tube 1 and 2), containing PI stained cells, were Imme- 
diately measured in the FACScan. 
[0062] The DNA profile of the apoptosls Inducing 
sFasL SN treated cells (tube 2) was oonsideratjiy 
ctanged after 8 hours Incubation (figures 1 0a and 10b). 

75 The m^ity of the DNA has be&i fragmented (visual- 
ized assuk^G1 peak on the FL-2 channel in a FACScan. 
figure 1 0b), in comparison to the control (tube 1 , see fig- 
ures da and Sb), confirming the result of massive apop- 
tosls induced by sFasL SN. 

20 [0063] Furthermore, the cell population with frag- 
mented DNA Gonesporded to the group of the 
shrunken apoptotic and low fluorescing cells. 
[P084] in conclusion, apoptotic cells shrink, they have 
mainly (but not completely) lost the GFP-assodated f lu- 

25 orescence and have a fragmented DNA (which is a spe- 
cific characteristic of apoptosls). Moreover, the annunt 
of apoptotic cells seen with the PI method was oompa- 
rat)le to the amount detected with the GFP method 
(data not sfiown). 
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Example 8: Itatoity assay: Induction of neeroaia In 
A20GFP 

lOOeq A20GFP cells were first washed with PBS and 
55 then 250000 cells were incubated in a FACS-tubes with 

100 pi anti-A20 polyclonal antitxxiy for 60 min at 4*^0. 

After incubation, the cells were wa^ed with PBS, 

resuspended In 50 |il rabbit complement (Readysys- 

tem) and incubated in a 37 "Cwaterbath tori hour. The 
40 celle were washed again with PBS and resuspended in 

500 pi PBS arKi immediately measured in a FACScan. 

As controls, untreated (without complement) A20QFP 

arKi A20 ceils were used. 

[006S] Complement binding induces necrosis in target 
45 cells. Tills assay was tfnis perlbnned in order to evalu- 
ate the fluorescing capacity of necrotic cells. The find- 
ings were striking, as necrotic cells completely lost their 
QFP-associaled fluorescence capadty witNn an hour. 
TTuJs oomplement^reated A20QFP ceiie can hardly be 
5i9 dislingulshad from non^lransfacted live A20 cells (Rg. 
1 1). The necrotic oeOs can be distinguished from apop- 
totic cells, the latter still axpreee low fluorescing capacity 
(e. g. 8 flours after sFasL SN Ireatanenft. as shown In the 
example described betore). This makes the QFP-assey 
55 a useful tool for the disoimlnation between necrotic, 
apoptotic and living (3FP-transfected cells (Fig. 1 1). 
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Example 9: Inhibition of de novo RNA synthesis by 
scllnomycln D (Actt)), protein synthesis by 
cydohexlmide (CHX) and ttie potential role of inter- 
IMng with the GFP apoptosis assay bi A20GFP 

[P0B7] To find out wh^er the fluorescence of 
A20QFP and the GFP apopteis assay as described in 
example 7 is dependent on the de novo tranecription 
and translation ol proteins, Act D (pharmacy of the Uni- 
versity HospitBl, BaseO. a RNA synthesis Inhibitor, and 
Cydoheximide (Sigma), a piotein synthesis inhibitor, 
were tested in our experimentai protocol. After washing 
A20QFP celts with PBS, 250*000 ceOs were afiquoted in 
FACS-tubes and Incubated with: 

a) Tiibe 1 (control): 500 |il medium complete (MC). 

b) Tube 2: 100 pil sFasLSN and 400 pi MC, 

c) Tube 3: 500 |J MC and 5 pgAnl ActD, 

d) Tube 4: 400 pi MC, 100 |il sFasL SN. 5 ^qM 
ActD, 

e) lUbe 5: 500 pi MC and 10 MgAnI CH)C 

f) llibe6:400MlMC lOOiilsFasLSNandlOMOM 

CHX; 

g) Tube 7: 500 |il MC. 5 |tg/ml Act D and 10 pQ/mSi 
CHX 

h) Tli)e8:400piMC. lOOiilsFiBsL SN.SpgAnlAct 
DandlOijg/mlCHX. 

[0068] Tubes 1 -8 (a-h) were Incubated for 1 0 hours at 
37 ^'C. The fluorescing status of the cells was assayed 
alio flours post treatment 

[0069] As seen in f iguree 12a and 12b, there is no dif- 
ference between the fluorescence intensity of untreated 
A20GFP (Rg. 12a} compared to A20GFP treated with 
ActD andAor CHX (Rg. 12b). sFasL SN treatment of 
A20QFP induces apoptosis to the same extent wliether 
the cells were ActD- and/dr CHX-treated or not in con- 
clusion, ActD and CHX, either alone or together, do not 
subetantialiy interfere with ihe fluorescing capacity of 
A20GFP nor do they inhitA sf^L SN induced apopto- 
sis after 10 hours of treatment. Therefore, A20GFP. in 
order to fluorescence, do not require de novo transcrip- 
tion and translation during the 1 0 hours. 



Example 10: Apoptosis assay In PBScGFP fay Mar- 4b 
talking deprivation 



[0090] PBSoGFP is an interleuldn-3 (IL-3) dependent 
cell line. The addition of iL-3 to the culture medium 
(medium complete) preranlB the PBSoGFP c 
undergoing apoptoeis (iL-3 as an anti^apoptotic com- 
pound). In contrast, upon IL-d deprivation a strong 
^)optatic response Is seen within 1 2 hours. 
[0091] For thie experiment, 250*000 PBS-washed 
PBScQFP cells were aliquated in two different FACS- 
tubea 

llibe A: contained the celts and MC supplemented 
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with iL-3. 

lUbe B: contained the cells and MC wHhout IL-3. 

110092] Both tubes w&e incubated for 12 hours at 37 
""C. The QFP-assoGlated fluorescence of the PBScQFP 
celis was measured afier 12 hours of IL-3 deprivation. 
[OraS] As expected, and seen with A20QFP, very sim- 
ilar results were obtained with PB3cGFR PBScGFP, cul- 
tured in MC supplemented with IL-3 Qiise A}, sfiowsd a 
high GFP-associatBd fluorescence, wheress IL-3 
deprived PB3cOFP cells (lube B) undemvent apoptoeis 
and demonstrated a low GFP-associated fluorescence 
intensity making them dearly distinguishable from Gve 
PBSoGFP and live PB3g cells (Rg. 13). These findings 
have been confirmed by the Pi staining method, ae it 
has been deecrfoed with the A20QFP cells (data not 
shown). 

Example 11: Apoptosis assay: Induction of apopto- 
sis in JurkatGFP 

IP094] This apoptosis assay has also t>een performed 
with eRasL SN, a known cell death inducer in Jurkat 
cells. 250TO0 PB8-washed JurkalGFP cells wsre alk:|- 
uoted in tuvo different FACS-tubes. 

Tube 1 : (control): celle were incubated with 500 pi 
RPMI medium. 

Tube 2: cells were incubated wHh 100 |il sFbsL SN 
and 400 |J RPMI medium 

IP09Sa Both tubes were incubated for 18 hours at 37 
'C. In Ihls experiment cells were Imniedlately measursd 
after inculMllon. wfthout prior washing with PBS. 
19096] As expected, and seen with A20GFP and 
PBSoGFP cells, very simQar results were ctstained. 
[0097] As shown in Fig. 14. sFasL SN induced apop- 
tosis. GFPnBssodated fluorescence was high in live Jur- 
MGFP, whereas the apoptotic JurkatOFP cells had a 
reduced QFP-assodated fluoreecence. but 
were still distinguistiable from non-trar^fected live Jur- 
kat ceOs. These firKfings tme been oorrfirmed l>y the PI 
staining meltiod. 

10096] In relalion to the pre^us experiments, the 
present results slicw tfiat it is not necessary to wash the 
csils with PBB tselore measuring. This may t>e particu- 
lariy useiul for large screening assays, where individual 
idbBB cannot bB separately wsshed. 
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from so Atibreviations 



[0099] "The following al)breviation8 are used through- 
out the descrlptfon: 



BB ActD 
bp 
CHX 
DIG 



AcHnomydn D 
base pairs 
Cycfohaximlde 
Dlgoxygenin 
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ds DNA double-stranded DNA 

EDTA EthylenedianilnetBtraBcelicaGid 

EF-la elongation factor la 

FACS Ruoreacence Activated Cell Sorter 

FITC Ruoresceln Isothiocyanale 

FL-1 Ruoreecence channel 1 (d^eds ffluores- 

oence emiaslon in the range of 530 (-»/-25) 

nm 

FSC Forward Scatter (cell size) 

QFP Green Rourescent Protein 

IL-3 lnterleuldn-3 

I^P low melting point 

MO medium complete 

PBS phosphate tsufferd saDne 

PI propidium Iodide 

sRasL soluble Fas Ugand 

SN supernatant 

SSC Side Scatter (granularity of ceiis} 

ss DNA single-stranded DNA 

TAE Tri6(liydroxymethyt]aminoethane 

TNF lUmor Necrosis Faclor 

TUNEL TdTmediatBd end laiMOrv of DNA 
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1 . A method for ttie determlnatlan of apoplollc arxl/br 
necrotic corvlitions of living test cells comprising 
55 monitoring the presence of a marker protein in said 

OBliS. 

2a A metliod aocoiding to dalm 1 , wherein the apop- 
totic and/Sor necrotic condition ie nmiitored in the 
40 presence of a non-, pro-, or anti-apoptotically or 
neooticaliy acttve compourvi andtor a physical 

stimulus. 

3. A method according to claim 1 , wherein the marlcer 
46 protein is produced In the test eels after transfec- 

tion of said cells with a DNA coding for and express- 
ing the marloer protein. 

4. A method according to claim 1 , wherein the marlcer 
so protaln is the green fiuorescenoa protein (QFP) or a 

f luoreecent mutant titereof. 

5. A method aorording to claim 1, wherein tlie pres- 
ence of QFP or the fluorescent mutant thereof ie 

ss monitored by means of a flow cyiomater or a plat- 
ereader measuring the fluorescence intensity. 

6. A metiiod aocanfing to dalm 1 , wherein two groups 
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of test cells bib used, each of e defined nunlber of 
ceils, which were tranefected with a DNA vector 
coding tor a fluorescent marker protein, such as tie 
QFP or a fluorescent mutant thereof. incUbating 
one group together with the test conpound In a cul- 5 
ture mediunx stimulating the ceDs of both groups 
with an excHHtkm beam, determining the fluoresc- 
ing Intensities of the ceils of each group by means 
of a flow cytometer. and comparing the obtained flu- 
orescing Intensltyof the cells of the two groups. 

A mettiod according to daim 6. wherein the DNA 
vector pBlu68criptliKS(+)-i-EF-1a+EGFP or 
pEGFP-NI+MoLV-LTR are used. 

A new vector for the stable tranefection of test cells 
which is sufficiently stable within ttie test cell and 
able to highly express a marker prcriein. 
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IT. A method according to daim 15, wherein the test 
compound comprises a multiplicity of compounds, 
e. g. as otstained from comblnatorlcal chemistry 
methods. 

18- A metfiod according to daim 15, wherein normal, 
infected or cancer ceOs are used. 



9. A vector aooonding to daim 8, comprising a gene 20 
oodbig for the marker protein which Is operably 
llnl«ad to one or more strong promaterSi such as the 
hEFl-a promoter, the MoLV-LTR promoter or a 
combinalian of tiie CMV and the MoLV-LTR pro- 
moter. ^ 23. 

10. A vector aoooiding to daim 8 wherein the gene 
codes for the QFP or a fluorescent mutant therof. 

11. A vedor according to daim 8 which is able to so 
express the marker protein QFPmutI . 



19. A nrathod acoordlng to daim 15, wherein as t^ 
cell transfacted cell lines A20GFR PBScGFP or Jur- 
katQFP are used. 

2a A method accorcfing to daim 15, wherein the test 
cells are transfected virlth a vedor according to ariy- 
oneofclaims8to12. 

21. A method «»orc&ng to cfalm 15, wherein the test 
cells are transfected with the vector pBtuescriptl- 
1K8(-h)+EF-1<»EGFP or pEGFP-NI+MoLV-LTR. 

22. A method aooorcfing to daim 15, Wherein monitor- 
ing Is performed with the akl of a flow cytometer, e. 
g. the FACScan^. 



A method accorcfing to ^um 15, wherein nnonilor- 
Ing Is carried out by measuring the parameters 
FSC-lHeight. SSC-Heigrit and the fluoreecenee of 
the macfcer protein and con^paring the results after 
dot plot ardAor histogramm visualisation. 



12. A vector according to daim 8 which is pBluescrlptl- 
IKS(+)+EF-lQ»£QFP orpEGFP-N1-»MoLV-Lm 



13. A live cell line transfededwKhavector acoordlng to 
anyoneofdaimsdto 12. 



14. A living cell line transfected with a vector according 
todaim12whichieA20GFP, PB3cQFPor Jurkat- 40 
QFP, 



15. A nrtelhod to assay the non-, pro- or anti-apoptotic 
or necrotic activily of a test compound and^or of a 
pliyslcal stimulus In living test cells comprising 4B 
nKMiitoring tiie presence of a martw protein in said 

cells. 



16. A method according to daim 15, comprising trans- 
lectf ng a groyp of sakJ cells with a vedor coding lor so 
and expressing a marker protein, treating the trans- 
fected cells in a suitable culture medium with the 
test compound, monitoring the presence of the 
expressed marker protein m said group of cells and 
ramparing ttie results with the results ot^served sff 
with a parallel group of the sams tsst ceite which 
was not treated with the test compound. 



IS 



EP0il28988A1 



Figure 1: 
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Figure 2: 
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Figure 3: 
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Figure: 7a Figure: 7b 
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Figure: 8a 
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Figure: 8b 
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Figure: 8d 
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Figure: 9a 



Figure: 9b 
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Figure: 10a 
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Figure: 11 
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